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ABSTRACT 



A process for preparing a polymeric form of ferric sulphate 
wherein an acidic aqueous solution including ferrous sul- 
phate is oxidized to form ferric sulphate in the solution in an 
oxidation stage at ambient pressure and in the absence of 
oxidation catalyst using at least one oxidizing agent The 
ferric sulphate is subsequently at least partially hydrolyzed 
by addition to the solution of at least one base. The ferric 
sulphate is kept in contact with the base at the temperature 
selected for a time sufficient for polymerization of the at 
least partially hydrolyzed ferric sulphate. The polyferric 
sulphate (PFS) obtained by embodiments of such a process 
can be used as a coagulant or flocculant in water treatments 
for decolorizing, purifying or reducing pollutants with 
improved performance compared to conventional ferric sul- 
phate and aluminium sulphate treatments. 

20 Claims, No Drawings 
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PREPARATION AND USES OF POLYFERRIC concentration, perhaps of the order 30 volumes, it may even 

SULPHATE be possible to effect the oxidation stage at ambient 

temperatures, for example at a temperature in the range of 

Chemical coagulants to drinking water, to purify and/or 15° to 25° C Oxidation temperatures when using hydrogen 

decolourise municipal water supplies far human consump- 5 peroxide may be 70° C or lower, such as 60° C or lower, 

uon are known and include iron and aluminium-based preferably no higher than 50° C 

inorganic coagulants. Oxidation temperatures when using nitric acid as the 

Polyf enic sulphate, PFS, is one known form of coagulant oxidising agent may be 110° C or lower, such as 90° C or 

which has also been used to treat municipal and industrial lower, preferably no higher than 70° C (which temperature 

waste waters to help remove, by flocculation, suspended 10 may be possible when using the very concentrated, fuming 

organic waste matter. There is currently considerable interest nitric acid having a strength of at least 90%). 

in the more widespread application of PFS as coagulants. The oxidation time to a preferred one-step oxidation 

Because of its relative efficiency. PFS may need less chemi- stage may be up to 3 hours, for example up to 2 hours, more 

cal addition, it can have a greater removal capacity and may preferably 1.75 to 1 hours. The oxidation time, as with the 

reduce the volumes of waste concentrates that require dis- is oxidation temperature, may depend upon the nature and 

posal or further treatments. strength of the oxidising agent used and the molar ratio of 

PFS is a known chemical and there are several patents oxidantaron [Fe 2 *]. 

describing methods for its preparation. » is preferred to cany out the oxidation such that there 

The present invention is concerned with methods for is a near-complete oxidation of ferrous [Fe + ] ions to ferric 

preparing polymeric forms of feme sulphate, of which PFS 20 [Fe*"] ions. In consequence it is preferable to the concen- 

is an example. tration of ferrous ions in the solution after the oxidation step 

Essentially! the chemical can be prepared according to to be less than 2.5% (Fe^/Fe*). more preferably less than 

this invention by oxidising ferrous sulphate to ferric 1.25% (Fe^/Fe**), most preferably less than 0.25% (Fe*7 

sulphate, and then carrying out a controlled, partial hydroly- Fe 3 *). 

sis of the ferric sulphate to produce a heterogenous mixture 25 The molar ratio of oxidant:f errous ions in the solution, 

of iron (10) hydrolysis species. |Fe(0H)J (3 ^', and poly- to the oxidation stage may depend upon economics and die 

nuclear complexes of iron (ID), (Fe m (OH) jr l n (a " M> *. The desire to bring about the aforementioned near-complete 

functions of these species are to provide both colloid charge oxidation of ferrous ions in aqueous solution, to ferric ions 

neutralization and polymer bridging between floe particles, in the same solution. The molar ratio may also be influenced 

leading in practice to a greater coagulating (and therefore, 30 by the choice of oxidising agent and its relative strength, the 

treatment) performance. oxidation temperature required car otherwise selected and die 

According to this invention there is provided a process oxidation time necessary to this near-complete oxidation, 

for preparing a polymeric form of ferric sulphate wherein an For example, when using nitric acid as the oxidising 

acidic aqueous solution comprising ferrous sulphate is oxi- agent at say 90* C, at a concentration of 70%, the preferred 

dised to form ferric sulphate in said solution in an oxidation 35 molar ratio of oxidant :f errous ions present in the aqueous 

stage at ambient pressure and in the absence of oxidation solution is no higher than 2:1. more preferably no higher 

catalyst preferably using at least one oxidising agent from than 1*5:1, most preferably about 1.13:1. 

the following: ozone, nitric acid, peroxide, perchiorate and When using hydrogen peroxide as the oxidising agent at 

persulphate. say 50° C at a strength of 30 vols, then the preferred molar 

said ferric sulphate subsequently being at least partially 40 ratio of cxidantif errous ions present in the aqueous solution 

hydroly sed by addition to said solution of at least one base, is no higher than 3:1 preferably no higher than 2:1 most 

the ferric sulphate being kept in contact with said base at the preferably about 1.81:1. These most preferred ratios have 

temperature selected to a time sufficient to polymerisation been found to achieve a near-complete oxidation of ferrous 

of the at least partially hydrdysed ferric sulphate. ions to ferric ions, Le, <03 g [Fe 2 *! per liter after oxidation. 

The ferrous sulphate solution may be rendered acidic by 45 when the oxidation has been allowed to proceed for about 

addition of e.g. sulphuric acid. This may usefully increase 146 hours. 

the level of sulphate ions in solution, without adding We have also used this concentrated torn of hydrogen 

unwanted ionic species. The pH of the starting solution is peroxide (30 vols) in the oxidation stage, with a larger molar 

preferably less than 2.0, more preferably in the range 0.8 to excess of oxidanfcferrous ions, at lower temperatures, even 

so at ambient temperatures of about 20° C For example a 

Preferably the oxidation stage is a one-step oxidation molar ratio of 2.9:1 oxidanUf errous ions led to near- 
stage. Preferred oxidising agents include peroxide and nitric complete oxidation even in the absence of oxidation catalyst 
acid. It is possible to use strong concentrated or even fuming and at ambient (atmospheric) levels of pressure. Thus addi- 
nitric acid. tional heat energy input to the oxidation may be avoided. 

Accordingly the concentration of die nitric acid used in 55 In the secondary stage of at least partial hydrolysis, it is 

the oxidation stage is preferably at least 50% by volume, possible simply to add one or more bases to the ferric 

more preferably at least 70% by volume although nitric acid sulphate which has been formed in aqueous solution. The 

as concentrated as 90% by volume can be used. base can be strong or weak inorganic bases such as a 

ft is also preferred to use peroxide as an oxidising agent hydroxide or bicarbonate of an alkali metal In particular 

and more preferably hydrogen peroxide. The strength of the 60 sodium hydroxide or sodium bicarbonate can be used The 

hydrogen peroxide used, as with the option of nitric add hydrolysis stage can be likened to an 'aging* step during 

mentioned above, may be dictated by the economics of the which iron (IH) hydrolysis species, [F^OHXJ^* and 

cost of raw materials, oxidation temperature and oxidation polynuclear complexes of iron (DI), [Fe m (OH)J Il (3, "^ H * 

time. form as a polymeric form of ferric sulphate, often referred 

Thus a stronger oxidising agent will most likely allow a 65 to in the technical field as polyf erric sulphate (PFS). 

shorter oxidation time and/or a lower oxidation reaction The hydrolysis stage is most preferably carried out 

temperature. With hydrogen peroxide at very strong immediately after a one-step oxidation process, by simple 
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addition of base to the ferric ions which have been fonned were detected by the I. 10-phenantocneotoimetnc 
in the acidic aqueous solution. It has not been found method. The reaction temperature was then reduced to and 

^•SFbaS SffS Xbly such as to , 

proviSe aa [OHPIFc]- molar ratio iTthe finished product within a 30 ^ ^ R^y. J^^™ 

obtained by the process, the polymeric form of feme were maintained at a temperature of JO (tfU) C. for 

at leSoi ^fSTleast 02. more another 1.5 hour period of aging. THe FFS solution is thus 

prepared and, after cooling toroomu^^ 

of03:lofIOHr:[Fermmel^ 10 

optimum in terras of performance, cos^and stabujy ^TS^JHS^l g/L, OH/Fe (molar ratio) 

Hie amount of iron in the final porymenc form of feme ^^^^^^i^/^aw ^e^^^ac^ mobiUty=6±0.2 

sulphate produced by the method can be for example, up to P £ ^ 

30*X> of uZ^erablv up to 40 g.r 1 of iron, even more urn cm^ Size distribuu 

preferably up to 200 gJ~ f of iron and most preferably upto 15 PFS sonmon are: 

3 50 g j-i of iron. low MW species (<03K)=20.0% (by weight of Fe), 

Elevated temperature may be necessary for the medium MW species (0-5-10K)=70.0% (by weight of 

hydrolysis/polymerisation to proceed to a satisfactory [OH] Fe), 

"iFeH ratio, for example a temperature of at least 30° C large MW species (>10K>40.0% (by weight of Fe). 

preferably at least 40° C more preferably 45° C or higher, 20 Stability: 

such as 50° C Moreover the ferric sulphate can be kept in The PFS solutions prepared by this method are stable over 

contact with the base for a rime sufficient to obtain the at least a 6 month stored period. 

aforementioned ratios of nydroxyltferric ions in the final Example 2 

potymcric Up to 3 hours may be needed at 50° C. ^ ^ f oUOTsfetomcprcparatioilof 

^^l^l^i^S) obtained is usually in the 500 mL solutions of TVS wi* a ^ --ntration of 40 

form of a liquid solution which may not require separation using hydrogen peroxide as an oxidant 

or purification prior to use. ^ — — — — — — — 

In use the polymeric form of ferric sulphate obtained, p^^. " 

hereinafter also referred to for convenience as 'polyfemc 30 * 
sulphate* and abbreviated as PFS can be used as a coagulant i.TtSOjHfl (iw*) too* 

or flccculant to help purify and/or decolourise water for l^tSS^ %£%L 

drinking water supplies and/or to reduce pollutants be they J wSr 212.5 mL 

organic or inorganic, nitrogen- ox pjbx>sphonis-containing 5! n«hco, <o5N) 214.0 nt 

such pollutants in municipal and/or industrial wastewaters. 35 — ■ ■ 

The FFS obtained by processes according to the inven- nrnrMlire , 
tion canbe more ^^^^^^ ^err^^te. sulphuric add and the water in the 
better performance than FFS obtained by other commer- J^^^ J^ere added to the one liter reactor, and 
dally established procedures. ^ ^ reaction temperature was controUed by an dectromantle. 

EXAMPLES 1 AND 2 — PREPARATION Both the reactor and the electroinanOe were me same as u^ 

in the Example 1. The tenttwature of tie mixed solutions 
Example 1 was then raised to 40 (±0.2) °C accompanied by vigorous 

_ ^ . 11 _i«^»K.«««™tion 0 f stirring. H 2 0 2 was added to the reaction solutions gently. 

The example described as foUc^s is for the P^P*^ 00 <* After the addition of the hydrogen peroxide, the reaction 
500 mL solutions of FFS with a Fe(in) concentration of 40 45 M ^ J^ JTo^2) *C, and the 

g/L. using nitric acid as an oxidant oxidation process continued, until more than 99% of ferrous 

iron has been oxidized to ferric iron (after approximatdy 1.5 
. to 2.0 hours). The residual concentrations of ferrous iron 

n^iipuco: — ■ ^ were detected by the same method as described in the 

1. FeSO*7Hp (100%) 100 g Example L The reaction temperature was kept at 50 (±0-2) 

2. HjSO, (98%) \£<^l °C to carry out the aging process. The sodium bicarbonate 

3. w^(7o%) 2UJmL solution was added into the reaction solutions, and the 
5 NiHCO s (05N) 214.0 mL addition rate was controlled to allow that all NaHC0 3 

— — 35 solution was added within a 30 minute period Finally, the 

_ ^ . reaction solutions were maintained at a temperature of 50 

Preparation procedure. ^ f another L5 hour period of aging. The PFS 

The ferrous sulphate, sulphuric acid and the water in the WW "U ror anomcr ww« L^ZZ tA ™ m 

* . m^w*-* ~»t~ ^.^^ n jiU . solution is thus prepared and, after cooling to room 

prescribed amounts were added toaonelrter reactor with a . ^^T: use 

speed controUed mixer. THe reaction temperature was con- ^^^^^J^^. 

trolled by an " ^^^^2 g/L. OH/Fc (molar ratio) 

mixed ^3/phSlI Average dectro^oresis mobflity=6±0^ 

ternperature was raised to and kept at 90 (±0.2) *G with PR solutions are: 

o^n^ng vigorous stirring, untH more man 99% of ferrous 65 low MW species ^^W%tow^of Fe) 
iron has been medium MW species (0.5-10K>=69.0% (by weigfrt of 

to 2.0 hours). The residual concentrations of ferrous iron Fe), 
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higher MW species (>10K)=1L5% (by weight of Fe). residual 0 3 concentration of 0.25 mg/L after a contact time 

Stability: of 8.0 min. A separate set of samples was analysed to 

The PFS solutions prepared by this method are stable over identify the kinds of algal species and to measure the total 

at least a 6 month stored period. algal concentrations before and after treatment 

Examples 3 to 8 5 Table 1 presents example 3 using FFS and other com- 

PFS solutions prepared by the methods described in the P ™ tiv< : l'*^ < FS==ferric sulphate, AS=aluminium 

Examples 1 and 2 have been used as a coagulant for (he J 1 ** 8 *) for the treatment of two algal model waters in 

treatment of algal-laden and upland coloured Se waters laboratory teste wi* the coaguknts PFS FS and AS at 18° 

in laboratory test and pilot-plant scale experiments. For the 10 £ pH 7 f f °T a of0 : 2 mMasFeorAL 

laboratory jar test experiments, a six-beato jar test appa- R can be seen that the coagulation performance of PFS in 

ratns was used with each beaker containing either 300 nltf I ™ no * n S ***** DOC etc. was dearly superior to 

real or model algal waters, or 500 mL erf simulated coloured < * bcr ^ CODVcntlonal coagulants, 

waters. The fast mixing time was 3 min at a paddle speed of Table 2 summarises results with PFS (Example 4), FS and 

300 rpm. the flocculation period was 25 min at a paddle is AS (both comparative) for the treatment of coloured waters 

speed of 35 rpm. and the sedimentation period was 1 hour at 18° and 4° C It can be seen from Table 2. that under the 

Supernatant samples after settling were withdrawn for optimum coagulation conditions at 18° C. die removal 

analysis of algal cells, turbidity. UV absorbance. DOC, efficiency achieved by the three coagulants was close, 

colour, residuals of Fe, Mn and AL The coagulation pH However, the required PFS dose was the lowest (0.107 mM 

required was achieved by prior addition of either HQ or 20 M Fe) * cona P ared to *S (0.143 mM as Fe), and AS (0.185 

NaOR and the solution pH was checked during the mixing mM as Al). to achieve similar removal percentages. In 

and flocculation periods. To evaluate the coagulation per- addition, as shown in Table 2. the coagulation performance 

fonnance at lower water temperatures (4° C). a special °* did not appear to be influenced significantly by low 

constant temperature bath was used with the jar test beakers. water temperatures. For AS and FS. however, low water 

The low temperature of 4° C (±0.2) was maintained 2s tcm P eraturc appeared to have an adverse effect on the 

throughout the whole coagulation process and the one hour removals of UV-Abs and DOC; but the removals of colour 

settling period. were slightly reduced. Residual concentrations of FS and AS 

Pilot-plant experiments were undertaken which com- wcrc sli 8 htl y increased at low water temperatures, 

prised the processes of pre-ozonation, coagulation. Tables 3A and 3B show results from the pilot-plant 

flocculation. dissolved-air flotation (DAF). sand filtration, 30 experiments concerning the raw water qualities and removal 

intermediate ozonation and either GAC or B AC. In the test efficiencies by DAF (Table 3 A) and by DAF and sand filters 

period of about four weeks, the pilot plant was operated (Table 3B). PFS (Examples 5 to 8) displayed a much greater 

under the conditions of with and without application of treatment performance in removing algae, turbidity, colour 

ozone, with coagulants of either PFS or ferric sulphate (FS) TOC and UV-absorbance (254 nm). The removal percent- 

for three doses (13,5 mg/L as Fe), and at a constant pH of 35 ages achieved by PFS at a dose of 3 mgO. were either similar 

7 J Raw water flow rate was 2 m 3 /hr. The pre-ozone dose or even superior to those achieved by FS at 5 mg/L. 

and the contact time were 1.0 mg/L and 7.0 min, respec- indicating that coagulant dosing costs may be reduced far 

tively; and the intermediate ozone dose was set to achieve a the same treated water quality. 



TABLE 1 

Comparison of the treatment performance of PFS, FS and AS at 18° C. (Algal model waters) 

Ibtal Turbid- UV-Abi Vis-Aba 

cell DOC by (254 in) (420 am) Coltoid 

removal removal removal removal removal (floe) 

» % %_ % ft 

X» Y* X Y X Y X Y X 



3 PFS 96 86 61 45 88 79 50 48 54 48 65 20 

FS 80 61 33 24 69 60 40 36J 45 36.5 28 -8 

AS 90 70 52 32 84 72 45 40 54 40 30 0 

•The unit is (meqL" 4 1CT*). 

Coagulant dose for X and Y a 0.20 mM at Al** or Fe**. 

•X - The water quality characteristics of Astenooella model waters: Total cell cone. » 4.8 ■ 10 4 
celk mlT 1 . DOC = 23 ppm, UV-Ab«254 in)- 9^ m^pH^aj.TW^ » 4^0011^ 
charge = -92 meqL** 1 10"*. 

*Y - The water quality characteristics of synthetic algal waters (Asteriooella •model' water + 2 
mg/L bunric substances): Total cell cone. = 5X> « 10* cells mlT 1 , DOC = 4.8 ppm, UV-Absf254 
nm) = 21.0 m"*, pH = 7.92, Twbicfoy = 45 NTU» Colloid charre = -115 meq L" 1 l<r+ 
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TABLE 2 



r^nr^m of tb* rr^nt rerfbnn ^ of FFS. FS and as g 18* C. and 4» C. fCoknaed water*! 

Do*. Cob. UV-Ab, DOC R«itolft ***** 
(mM« W»mn^» <2S4 tan! R % _&_ft imte iSS&U— 

Ft or A3) pH* 18* C. 4»C. 18»C 4»C 



ire. 4*c ire 4*a i8°c. 4»c 



' _ mm A 02_0 91 J 83.2 82.2 803 783 0J09 Oi398 

aM3 4 Si W S3 803 802 76.7 0.165 0.180 

is 0 185 5 910 91.4 823 75.7 754 68.2 0X*4 0074 

^ water _ 8.1 5.82 m- 1 383 nT* 8.2m^ 0.05 «n*L 0.14 mg/L 

n*ca*u*k»pH«Klc^ 

cokxr icmoviL >80% UV removal «nd >75% DOC ranovtl at 18° C. 

15 



TABLE 3 A 

Oanjmisoii of coagulation efficiency of fPS and FS 
^ the pilot-riant erperimenti (bv DAF 




PS,3ms^«>0, IliO 13.64 6.17 10.8 120 36.67 23 480 

E^leS ^3^LdoO, 113 26.10 6.38 21* 13.3 5143 26 CT3 

FS f 5mgflLio0 3 120 20.83 6.18 1740 11.4 40X> 26 41.6 

Example 6 ^Z^ooO, 125 28.0 534 226 1254 48.68 23 625 



*R. ft = Feieentase removal. 



TABLE 3B 

r of ITS and FS 



UV Colour 
(254 mi) TOC (400om) TWWdity MP* 
fart (r**JL\ <m'^ (NTU\ 



Raw • Raw Raw Raw Raw 

R.% wato R.ft water R. ft water R. ft water R.* 



Q UJt) l8 .l8 6.17 2150 120 39.83 23 64J8 79300 89.86 

7 m s^SL^Ow U3 30.43 6.38 24.76 133 5323 16 73J0 249200 96.2* 
wtVnSflH nTo? 20 230 6.18 2150 11.4 500 26 613 80000 5437 

8 ^5^X S3 So S SS 1234 55*2 25 695 208322 7034 

50 4 The process of claim 3 wherein the oxidation step is 

We claim: comnleted in a time less than or equal to 2 hours. 

L A process for preying a ^iyr^c fom of feme daim 4 wherdn said oxidation step is 

sulphate, said process comprising toe ™ie^^tin« less than or e^ual to 1.75 hour^ 

an acidic aqueous solution comprising, ferrous sulphate to ;^^J^ S of c^jm i wherein the partial hydrolysis 

form ferric sulphate in said solution at atmosphere pressure * completed in a time less than or equal to 3 hours, 

and in the absenceof an oxidation catalyst, said c*idatoon 55 * m ™£ces S of claim 1 wherein the partial hydrolysis 

step using at least one oxidising ageaMiD partially hydro- ^ i s carried out atatora?eratureless than or equal to 50° 

bring the ferric sulphate solution obtained after said cou- <T r 

dation step by addition of at least one base, and (iii) aging g process of daim 1 wherein the molar ratio of 

the partially hydrolysed ferric sulphate solution obtained [OHF to [Fe*1 in the polymeric form of ferric sulphate is 

from said partial hydrolisis step at a teinperature above 30° 60 ^^0.1:1.0. 

C sufficient for polymerisation of the partially hydrolysed 9. The process of claim 8 wherein toe ratio is at least 

ferric sulphate to a polymeric form of ferric sulphate. 0.2:1.0. .... , . 

1 iSrocess of daim 1 wherein greater than 99% of the 1# . H* process of claim 1 wherein Ae c^idismg agent « 

ferrous ionsta solution are oxidised to ferric ions prior to selected from the group consistog of ozone, mtnc and, 
carrying out the partial hydrolysis step. 63 peroxide, perforate and P^*«£ 

^^e mc^s rfdUtim 1 4erdntnc oxidation step is 1L The process of dann It wherein the oxidising agent 

con*^^ f^crcornprises hydrogen perc^ 
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12. The process of claim 1 wherein the acidic aqueous 
solution present prior to carrying out the oxidation step 
further comprises sulphuric acid. 

13. The process of claim 1 wherein the pH of the acidic 
aqueous solution present prior to carrying out the oxidation 
step is less than 2.0. 

14. The process of claim 13 wherein the pH is from 0.8 
to L5. 

15. The process of claim 1 wherein the oxidation step is 
carried out at a temperature less man or equal to 110° C. 
when nitric acid is used as the oxidizing agent 

16. The process of claim 1 wherein the oxidation step is 
carried out at a temperature from 15° C to 50° C. 

17. The process of claim 1 wherein the base is selected 
from the group consisting of a hydroxide of an alkali metal 
and a bicarbonate of an alkali metaL 

18. The process of claim 1 wherein iron (HI) hydrolysis 
species [F^OrTjxF^ and polynuciear complexes of iron 
(IH) [Fe (w) (OH)J JI (3w ^ rt ' form as the polymeric form of 
ferric sulphate during the partial hydrolysis step. 
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19. The process of claim 1 wherein the partial hydrolysis 
step is carried out immediately after the oxidation step 
without removal or purification of the ferric sulphate formed 
after the oxidation step. 

s 20. A method of treating water, said method comprising 
the step of: adding a polymeric form of ferric sulphate to 
said water, said polymeric ferric sulphate produced from a 
process comprising the steps of (i) oxidising an acidic 
aqueous solution comprising ferrous sulphate to form ferric 

10 sulphate in said solution at atmospheric pressure and in the 
absence of an oxidation catalyst said oxidation step using at 
least one oxidising agent, (ii) partially hydrolyzing the ferric 
sulphate solution obtained after said oxidation step by 
addition of at least one base, and (iii) aging the partially 

15 hydrolysed ferric sulphate solution obtained from said par- 
rial hydrolisis step at temperature above 30° C sufficient for 
polymerisation of the partially hyrolysed ferric sulphate to a 
polymeric form of ferric sulphate. 

***** 
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